Three common alleles, #{128}2, #{128}3, and #{128}4, at the apo E gene locus code for three protein isoforms, apo E2, E3, and E4, respectively, resulting in six different phenotypes (3)(4)(5)(6). Because of charge differences based on amino acid substitutions, the different phenotypes can be separated by isoelectric focusing (3, 4, 6-9). Several less frequently occurring apo E isoforms have also been described (10-13). 
Three common alleles, #{128}2, #{128}3, and #{128}4, at the apo E gene locus code for three protein isoforms, apo E2, E3, and E4, respectively, resulting in six different phenotypes (3) (4) (5) (6) . Because of charge differences based on amino acid substitutions, the different phenotypes can be separated by isoelectric focusing (3, 4, 6-9). Several less frequently occurring apo E isoforms have also been described (10-13). Posttranslational modification of ape E may occur through various degrees of sialylation (5, 14 
Subjects and Methods

Subjects
Blood samples were obtained from 407 healthy normal individuals, 244 men and 163 women, ages 17 to 86 years. The participants were mostly medical students or hospital staff members. The elderly participants were recruited from senior citizen groups outside the hospital.
Informed consent was obtained from all subjects, and the study was approved by the hospital ethics committee. Blood was drawn in EDTA-containing tubes after the subjects had fasted overnight. In 10 cases (5%) , results between the two methods differed; in most cases (n = 6), phenotyping resulted in E4/4 and genotyping in E4/3.
Statistical Analysis
Data are presented as means ± SD. The number of a given allele, e.g., #{128} , in the pair of alleles can be 0, 1, or 2, corresponding to individual relative frequencies of 0%, 50%, or 100%, respectively.
A carrier of a specific ape #{128} 
Resufts
The prevalences for the ape E phenotypes are shown in Table 1 . The E4-containing phenotypes, primarily E3/4 and E4/4, were more common in the present study than has been reported for most other Caucasian populations except Finns (6). This observation was further reflected in a high frequency of the #{128}4 allele ( Table 2) . The high #{128}4 allele frequency was mirrored in a lower #{128}3 allele frequency, whereas the #{128}2 allele frequency was about the same as in other populations.
The highest concentrations
of LDL cholesterol were found in the E3/4 and E4/4 groups, but only small differences were noted in total serum cholesterol and LDL cholesterol concentrations between the different ape E phenotypes (Table 1) .
To study the variation of ape E allele frequency with age, we divided the participants into three groups, <40 years, 40-60 years, and >60 years. All groups were compared by the Kruskal-Wallis test. As shown in Table 2, the #{128}4 allele frequency was significantly lower (P <0.018, Student's t-test) in the older age group (>60 years) and, in parallel, a slight increase was observed in the #{128}3 and #{128}2 allele frequencies.
No significant differences in allele frequency by sex were found in any of the age groups. However, in the youngest age group, men tended to have a lower #{128}4 frequency than women (P <0.055, Student's t-test).
To evaluate the correlations between the relative fre- Only when the #{128}4 allele carriers were directly compared with the #{128}2 allele carriers did we detect a significant difference, with higher LDL cholesterol concentrations in the #{128}4 carriers than in the #{128}2 carriers (3.58 ± 0.09 mmol/L vs 3.23 ± 0.13 mmolJL, P <0.026; the carrier combination #{128}2/4 was excluded in the analysis). In contrast, we found no significant differences in serum triglycerides, total serum, or HDL cholesterol concentrations. However, because age and sex are known to affect serum lipids, we investigated the influence of ape E alleles on serum lipid concentrations when controllingfor age and sex. When we used the multiple regression model, #{128}3 and #{128}4 were positively ______________________________________ correlated with serum cholesterol (Table 3) . Also, the presence of #{128}4 increased LDL cholesterol concentrations (Table 3) . HDL cholesterol did not show any relation to the allele types; only age and sex influenced the amounts.
Serum triglycerides did not show any significant relation to any of the predictors.
Thus, in the present study, variations at the ape E allele locus did affect serum and LDL cholesterol concentrations.
DIscussIon
The distribution of the different ape E phenotypes varies between different ethnic groups (6, 13, 21). We also found a lower #{128}4 allele frequency in the elderly (Table 2 ), in agreement with previous studies (39, 40), but we did not find any significant sex differences with regard to the #{128}2 allele frequency as also was observed by others (39). So far, only limited information on ape E allele frequency in the elderly is available (39) (40) (41) (42) . The frequent findings of increased plasma and LDL cholesterol concentrations among #{128}4 allele carriers suggest that the #{128}4 allele might constitute a risk factor for development of coronary artery disease, as has been suggested (43). Our findings of a lower #{128}4 allele frequency among the elderly would agree with such a contention. The influence of age on serum lipid concentrations (44, 45) and the striking variation of #{128}4 allele frequency with age may blunt the results to some extent, although it seems reasonable to assume that the healthy #{128}4 allele carriers among the elderly might have a tendency towards lower plasma lipid concentrations. However, ape E has a variety of functions, not all of them associated with lipid transport (3). Allelic variation may also be important for some of these other functions; e.g., ape E genotypic effects on arterial lesions were recently found not to be mediated entirely by changes in serum cholesterol concentrations (33).
Among
In conclusion, the ape E isoform pattern in the Swedish population revealed a relative increase in the #{128}4 allele frequency in comparison with most other Caucasian populations. Because the interaction between ape E isoform, serum lipid concentrations, and atherosclerosis is complex and may vary between different populations, more detailed studies are needed to explore the mechanisms and possible pathophysiological importance of ape E isoform variation.
